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June Thunderstorms 
By C. K. M. Dove as, B.A. 
There was a spell of thundery weather from June 12th to 19th, 
culminating in widespread and severe storms on the 18th. 
Pressure during the period was high from Scandinavia to the 
Azores, low round south Greenland, and relatively low on the 
continent, where thunderstorms were numerous. From the 12th 
to the 14th the storms over England were local and not as a 
rule severe, and on the 15th conditions were fine and anti- 
cyclonic. On the 16th the continental depression spread 
definitely northwestward, and on the 17th and 1&th there was 
a shallow belt of relatively low pressure over the British Isles, 
dividing the anticyclone into two portions—a typical thundery 
situation. The renewal of the thundery weather was heralded 
on the 16th by a failing barometer and by large quantities of 
high and medium clouds, including alto-cumulus castellatus, 
moving from the southeast, over a northeast wind at lower levels. 
Some showers fell on that day from a high level, and during 
the following night and early morning thunderstorms occurred 
near the east coast from Kent to Spurn Head. These storms 
were associated with the replacement of coo! North Sea air |) 
warm air coming over from the continent, forming a ‘‘ warm 
front.’’ By next day the warm air covered a considerable area, 
and the solar heating raised the temperature to near 80° F. 
Severe thunderstorms broke out in the afternoon, notably over 
London, Westminster having 60 mm. of rain. Next day 
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(June Ldth) the storms deve Oped over u ialver area, extend 


to southern Scotiand and Wales. Cheltenham recorded 90 min. 
and Greenwich 6f mm. ‘Llere were several deaths from light 
ning. The Ascot racecourse was flooded and racing was 
abandoned for the first time on record. The only considerable 


part of England which escaped was the southwest and the neivh 
bourhood of the south coast. (The upper wind drift was from 
southerly polit on both aays, but was too slight to bring 
across the Irench thunderstorms, so that the strip within 30 or 
LQ miles of the south coast escaped.*) The worst storms on the 
isth occurred at the fringe of a cooler southwesterly current, 
iuder-cutting the warmer air, which afterwards spread over 
ihe country and brought the thundery weather to an end. 
Upper air observations at Duxtord showed the typical thundery 
conditions, namely, an adequate moisture supply and a lapse 
rate of temperature slightly above the saturated adiabatic 
hrough a great range of height. The upper air temperatures 
vere practically identical on the Lith and Leth, and were well 
above the normal for June, the excess being 10° F. at 5.000 feet 
ind SF. at 16,000 feet. Upper wind observations showed that 
here was a mass movement of the air at all levels from the 
itheast, bringing over continental air, presumably alread 
nh the thuncie ry State. Thunderstorms had been widespread 
and severe on the continent for some time past. In such pro- 
longed thundery spells there must be some means of maintaining 
the moisture supply, for though some of the rain is re-evaporated, 
uch of it must run oft. The necessary supply is doubtless 
he convergence of the suriace winds into the low- 
pressure area, due to friction with the ground. Since the water 
content of the atmosphere almost always decreases upwards, 
convergence at the bottom is a very effective means of maintain- 
ing or increasing the total water content over a given area. 
Observations of both the surface and the upper winds provide 
no evidence that there was any inflow of Atlantic air during the 
period June 12th to 1&th. The converging air was all con- 
tinental, except for a little from the North Sea. 


maintained by 


The intensity of the storm of June 18th in the toyston district 
was to some extent demonstrated by the unpleasant experience 
which I had whilst returning by road from Essex on that 
afternoon. 

We ran into heavy rain just before reaching Royston, and 
after passing through Royston the downpour became torrential. 
About a mile from Royston and at about 2.45 p.m. B.S.T. my 
engine stopped—I believe this was due to the suction of the 
fan drawing water through the radiator on to my plug leads, as 


*See ‘‘A Problem of Convection,” Meteoroloyical Magazine, 64, 1929, p. 213. 
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after the elapse of about 10 minutes the engine fired and I was 
able to proceed again. 

Meanwhile four cars came to a standstill behind mine. Also 
during this period the electrical display was decidedly impres- 
sive, and I witnessed for the first time of my life a ‘ ball 
discharge.’ The ball appeared to be the residual of a flash 
and descended at about an angle of 45° to the horizon, finally 
coming to rest at what appeared to be the height of the top of a 
telegraph pole some 300 or 400 yards distant along the railway 
line (L.N.E.R.). The ball illuminated the district much in the 
inner one would expect from a large magnesium flare, and 
1 seconds. It then 
lecreased in brilliance, and after a brief period during which 


remained brilliant for apparently severa 


it exhibited a red glow it died out completely. Several other 
lightning discharges took place shortly afterwards and, judged 
by their intensity, they were unpleasantly close. 
At about 2.55 p.m. I was able to proceed, but in another mile 
‘so my engine stopped again and I was again forced to wait— 
probably until the heat of the engine had dried the plug leads. 
on 2 N. H. Smirua. 
. . - “ eye 
An Investigation of the Statistical Probability of 
7 * 
Rain in London 
By D. Dewar, B.Sc. 
Ix order to investigate the statistical probability of rain of 
various amounts in London, the hourly tabulations of rainfall 
from Kew Observatory for the 50 years 1872 to 1921 were 


inalysed as follows. The month was divided int 
Ist-10th, 11th-20th, 21st-end of month, and each day into four 
quarters or intervals of 6 hrs (1 a.m.-7 a.m., 7 a.m.-1 p.m., 


1 p.m.-f p.m., @ p.m.-1l a.m.), which are referred to as the 


three periods, 


‘early morning,’’ ‘‘ forenoon,’’ ‘‘ afternoon,”’? and ‘* night 
intervals, respectively. Allowance was made for the fact that 


consist of 10 davs. 


the last period of the month does net usually « . 

The total amount of rain which fell during each of these intervals 
of the day was noted, and the interval classified as ‘‘A’’ if 
0°04 inch or more was recorded, ‘‘ B’’ if 0°02 or 0:03 inch, 


and ‘* ©’? if 0-O1 inch. On oceasions when snow had fallen and 


had not been autographically recorded, the total amount was 





ited evenly over the hours during which it was presumed 
it had fallen. On several occasions, dew or melting frost had 


yosited an amount ‘fC ’’ in the check gvauce: these were dis 





revarded so as not to bias the 7 a.m.-l p.m. interval in favour 
of thar particular amount. 

The results were then summarised by finding the number of 
occasions during the 50 years on which rain of a given amount 
fell in a given interval; the probability of rain of that amount 
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in that interval was then found by dividing the number o! 
occasions when it occurred by the number of occasions when i 
could have occurred. This investigation, which is being carried 
out at the suggestion of Colonel Gold, will require some time 
to complete, but it was thought that the results obtained for 
January were of sufficient interest to warrant their being 
published. The probabilities of rain of each amount, durin; 
each interval of the day, for each of the three periods of the 
mth were found in this way, and are given in Table I :— 


I PROBABILITY OF RAINFALL OF DIFFERENT AMOUNTS 


Forenoon Afternoon Early Morning Night 


Time (7a.m.—1 p.m.) (1 p.m.—7 p.m.) | (la.m.—7a.m.) (7 p.m.—-1 a.m. 


mean 
) 


Amount A B Cc A B Cc A B Cc A Cc A 
Jan. 1-10 |°126 ‘052 ‘064 ‘136 ‘050 °036 °134)°046 ‘060 ‘130 ‘064 ‘038 | °132 
», 11-20 | °108 “056 ‘048 “096 ‘060 ‘O38 ‘086 ‘048 *048 *110 ‘046 °030) "100 
», 21-31 | ‘O78 ‘049 | 047 °118 “062 ‘036 °105 ‘044 °036 ‘078 ‘064 ‘038  *095 
Mean "104 °052/°053 °117 “057 ‘037 °108|°046 ‘048 °106 ‘058 °035 


Amount—A = ‘04 inch or more 
B= ‘02 or ‘03 inch 
C="01 inch 

These figures reveal several interesting facts. 

The probability of rain ef amount ‘‘A’’ in each of the four 
i-hour intervals during the first 10 days of January is con- 
siderably in excess of that for the next two 10-day periods. The 
excess is so marked that there is a reasonable presumption ot! 

lity: out of 2,000 6-hour intervals in each of the 10-day 
periods in the 50 years considered, there were 263 wet (A) 
intervals in the first 10 days of January, compared with 200 
uch intervals in the second 10 days and 188 in the last 10 days 
(ii j isted 

From columns 2 and 11 of Table I it will be seen that there is 
a remarkable parallelism between the probability of rain of 
amount ** A ’’ in the forenoon interval (7 a.m.—1l p.m.) and 
the night interval (7 p.m.—l a.m.), and from columns 5 and 8 

etween the afternoon interval (1 p.m.—7 p.m.) and the early 

1 interval (1 a.m.—7 p.m.), that is, at = cae intervals. 
Rain of measur able amount in a 6-heur interval falls or 
hout one day out of five: rainfall of 1 mm. or more (amount 
‘A’’) occurs on about one day out of nine. If the figures for 
ihe morning and afternoon are put together they show that even 
in January the odds are more than four to one against an 
ippreciable amount of rain (1 mm. or more) falling during the 
working day (7 a.m.-7 p.m.) in London. 

On the whole, the chance of slieht rain (amount “ (@”’) is 
ereater in the early morning and forenoon than in the after 
noon or evening. 


from the number in the last 1] cays, viz., 206). 
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Cold Fogs over the Sea 

Un the morning of May Ist, 1930, it was noticed that the tem- 
perature during a fog at Inchkeith, in the Firth of Forth, was 
surprisingly low, considering that the wind was blowing in 
from the open sea. The temperature was 49°F. at lh. and 
38°F. at Th. G.M.T., and was considerably lower than that of 
any air which had entered the North Sea during the previous 
few days. The mean sea temperature off east Scotland is 43°F, 
in April and 48°F. in May. Similar cold sea fogs have been 
observed before, a conspicuous case occurring at Yarmouth on 
March 12th and 14th, 1929. On the first of these dates the 
temperature was 32°F. at 7h., and on the second 33°F., with 
a light wind off the sea on each occasion. On the 14th 
the maximum at Yarmouth and other east coast stations was 
only 36°F. The inversion was very large, the temperature at 
Duxford being 49°F. at 2,190 feet, and 52°F. at 3,650 feet. 
The temperature of the North Sea was unusually low in March, 
i929, but even if it was 6°F. below normal and only 36°F. 
off Yarmouth, it was higher than the morning temperatures 
noted above. 

The most likely explanation seems to be that radiation from 
the upper surface of the fog may sometimes influence the tem- 
perature even at the bottom of the fog. Even if we started 
with an inversion within the fog itself, caused by cooling over 
a sea or land surface, radiation from the upper surface of the 
fog (assuming no further cooling at the bottom) would produce 
convective equilibrium or instability within the fog, and an 
inversion above it. Soundings at Kew Observatory have shown 
that fogs which have lasted for some time have inversions above 
them rather than within them. At the daily conference in the 
Forecast Room of the Meteorological Office on May Ist, Col. Gold 
suggested making an estimate of the outward radiation from the 
fog, on the assumption that the net loss was a quarter of the 
radiation from a black body, the remaining outward radia- 
tion being balanced by the downward radiation from the 
sky. At a temperature of 278°A. (41°F.) the full radiation is 
‘49 om. cal. per sq. cm. per minute, a quarter of this being °12. 
The remaining *37 is about equal to the mean sky radiation 
observed in April in southeast England. Suppose the fog to be 
150 metres thick, then allowing for the latent heat of condensation 
a loss of ‘12 cal. per sq. cm. per min. could cool the entire 
mass 1:0°C. per hour. This figure seems on the high side, and 
the assumption that even a thick fog radiates like a black body 
may not be correct. If the fog radiated and absorbed like a 
grey body, so that some of the sky radiation passed right through 
it, all the figures given would have to be reduced in the same 
proportion. This reduction might be large in the case of thin 
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fog, but should be small for a dense fog. Scattering also requires 
consideration, but one would not expect this to be large for long- 
wave radiation. Thus the order of magnitude of the figures 
given is probably correct ; 


librium had been established in the fog 


a 








After convective equi 
as the result of the radiation from its upper surface, the tem- 
perature at its lower surface would fall below that of the sea, 
and a transfer of heat from the sea to the air would commence. 
If this took the form of radiation only, and the sea and the fog 
radiated as black bodies, while the downward sky radiation 
remained constant at °37, a balance between the gain of heat 
at the bottom of the fog and the loss at the top would not be 
reached till the fog was 9°C. (16°F.) colder than the sea, assum- 
ing a sea temperature of 280°A. (45°F.). This figure is exces- 
sive, and it is evident that turbulence is the main factor in 
diffusing up the heat from the sea surface. The best expression 


e 


for the eddy flux of heat is that given by D. Brunt,* namely, 


mr, +) 


where X is the coefficient of eddy diffusivity, p the air density, 


and ¢, the specific heat of air at constant pressure. The 
expression in the bracket is the difference between the observed 
lapse-rate of temperature and the adiabatic rate, the flux 
being upwards when the adiabatic rate is exceeded In 


the case of foggv air we may take the saturated adiabatic rate, 
if we neglect the fall of the fog particles through the air. 
Unfortunately there are too many unknown factors for a com- 
plete solution of the problem. The observed fact is that the 
air temperature at the height of a few metres is sometimes a few 
degrees colder than the sea, though never much colder. If a 
balance is reached with a difference of 2°C., the upward radiation 
flux is only about ‘92 cal. per sq. cm. per min., and if the loss 
at the top of the fog is "12, we require an eddy flux of *10 to 
make up the halance. If we take K = 10* sq. cm. per sec., a 
f +a) equal to 6°C. per 100 meirés gives the 
as 
required amount of flux. This involves a lapse-rate much above 
the adiabatic, which could not exist through a large thickness 
of the atmosphere, but which might exist within a few metres 
of the surface. Such lapse-rates are normal within a few metres 
of a land surface in the middle of the day, and the fact that the 
air temperature on ships is often some degress colder than the 
sea temperature seems to show that they also exist over the sea. 


a valt e 0 


*The Transfer of Heat by Radiation and Turbulence in the Lower Atmosphere. 
Lonton. Proc, R. Sor., A. 124. 1929, pp 201. 18, 

#50 ‘A Studv of the Vertiele Gradient of Temperature in the Atmosphere 
near the Ground.” By N. K. Johnson, London. Meteor. Office, Geoph, Mem., 
No. 46(M.O. 307 f.). 
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A persistence of such conditions involves the curious anomaly 
that A is smaller in the region of excessive lapse-rate than it 
is a little higher up, with a lapse-rate about equal to the adi- 
abatic. This must be due to the small size of the eddies near the 
surface of the land or sea. The flux of heat mentioned above 
can of course also be obtained with a smaller lapse-rate and a 
higher A. A flux of that order of magnitude seems to be indi- 
cated by the rate of warming of cold air currents over warmer 
seas in normal conditions, when the heat is diffused up to a 
kilometer or more. 

Turbulence in a fog layer would not necessarily be visible to 
an observer under it, but it should affect the upper surface. I 
have on several occasions seen fog layers resembling typical 
strato-cumulus clouds when viewed from above. The turbu- 
lence would of course normally thicken the upper part of the 
fog at the expense of the lower part. 

Sometimes land fog in winter drifts over the English Channel 
and persists, as on February 11th to 16th, 1927, when shipping 
was seriously delayed. Some time ago I examined some tempera- 
ture records from Portland Bill Lighthouse, where the fog 
prevailed for most of the period, comparing the screen readings 
with those of a thermometer outside a window near the top of 
the lighthouse. The exposure of the latter thermometer was 
unsuitable for accurate comparisons, but on the occasions in 
question the difference was so large that it is certain that the 
lapse-rate exceeded the dry adiabatic. Radiation from the fog 
seems the only reason for its failure to dissipate in mid-Channel. 

T have had the advantage of discussing the matter with Colonel 
Gold. C. K. M. Dovetas. 


Royal Meteorological Society 


The monthly meeting of this Society was held on Wednesday, 
June 18th, at 49, Cromwell Road, Secuth Kensineten, 
Mr. R. G. K. Lempfert, C.B.E., M.A., F.Inst.P., President, in 
the Chair. 
C. E. P. Brooks, D.Sc., and S. T. A. Mirrlees, M.A.—Irrequ- 
larities in the Annual Variation of Temperature in London. 
The late Dr. A. Buchan enumerated six cold and three warm 
spells which recurred about the same dates in each year in 
Scotland in the 1860’s. To find whether these or similar snells 
occurred also in London, averages of temperature at Kew 
Observatory were found for each of the pericds 1871 to 1900 and 
1901 to 1929, and were combined into five-day meers. a 
‘spell’? being defined as a period of five days. The details 
of the curves of annual variation obtained in this wav were 
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almost completely ditierent in the two periods, and do not give 
the slightest support to the idea that there is any abiding 
tendency for any part of the year to be either cold or warm for 
the season. In particular, the famous ‘‘ Buchan cold periods ’ 
are abnormally warm as often as they are abnormally cold. The 
nearest approach to a regular cool period occurs in summer, 
when the annual rise of temperature ceases towards the end of 
July and gives place to a period of variable temperature which 
continues until the autumn fall sets in about the middle of 
August; but none of these oscillations occur with sufficient 
regularity to enable us to pick out any special dates as definite 
warm or cold periods. Throughout most individual years 
temperature rises and falls so rapidly that whatever dates are 
selected a cold spell can be found a few days before or after, 
and to an uncritical mind this verifies the existence of a cold 
spell on the selected dates. On the other hand it would be as 
easy to ‘* prove ’’ the existence of a warm spell on the same 
dates. Two interesting features were brought out by the curves : 
since 1900 winters have been on the whole abnormally warm, 
and there has been another period of high temperature during 
the last ten days of May. Neither of these tendencies existed 
between 1871 and 1900, and there is no reason to expect that 
they will continue indefinitely in the future. 

The paper was followed by a good discussion, in which the 
iuethod of smoothing over five days was criticised as masking cold 
and warm spells which covered only one or two days. The 
suggestion was made that Buchan’s results had been generally 
accepted because though in many years marked cold or warm 
periods did not occur, yet when they did, they tended to fall 
on or near Buchan’s dates. On the other hand, Mr. Mirrlees 
thought that the belief had persisted because meteorologists had 
been more interested in explaining the existence of cold and 
warm periods than in finding out whether they did. in fact, 
exist. 

C. E. P. Brooks, D.Sc.—The Climate of the First Half of the 
Eighteenth Century. 

Is our climate changing? The answer seems to be that there 
has been no appreciable change since 1750, but there is much 
evidence that the first half of the eighteenth century was 
abnormally dry in western Europe. Rainfall figures are dis- 
cussed for 29 places, and the average deficiency of rainfall is 
salculated as 7 per cent. in England, 15 per cent. in France 
and 9 per cent. in Russia and Sweden. South-westerly winds 
were less frequent than now and north-easterly winds more 
frequent; the area of low pressure near Iceland was therefore 
probably less intense than at present. The deficiency of rain 
was createst in the south of France, while Italy and Tunis were 
wetter than now, suggesting that the stormy area in the Gulf 
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of Lions was highly developed. The inquiry is extended to 
other parts of the world; the slow growth of the ‘‘ big trees ’ 
shows that rainfall was slight in western United States of 
America, and the Lake of Mexico was at a low level, but the 
Caspian Sea and the Nile floods were high, and there were many 
Hoods in China. All these facts agree that the general atmo- 
spheric circulation, which governs the rainfall of western Europe 
and California, was weak; the southerly monsoons of Abyssinia - 
and China, which override the general circulation, were 
abnormally strong and brought heavy rainfall to those countries. 


Correspondence 


To the Editor, Zhe Meteorological Magazine. 


Halo Phenomena 
On May Ist a prismatic solar halo of 22° became visible about 
ith. continuing to sunset. A bright prismatic mock sun 
developed on the halo to the left of the true sun about 17h., 
and a white mock sun to the right shortly afterwards. The 
mock sun ring was visible 
outside the halo, curving 
slightly upwards, but was 
not continued through the 
true sun. At 18h. an upper 
contact are with a third 
mock sun developed, the 
complete phenomenon being 
shown in the attached figure. 
A pink sun pillar about 10° 
in height was seen at 19h. 
: 15m. 

Although the formation is not a very uncommon one, in the 
present case it was exceptionally complete, and the prismatic 
colouring of unusual intensity, the red and green of the upper 
contact are being vivid, and was continued after the sun had 
set. No coloration was observed in the extended arcs of the 
mock sun ring which remained white throughout. The same 
evening at 22h. a lunar halo of 22° with a single mock moon 
was observed. On May 5th, about twenty minutes before sun- 
rise, 4h. 26m., the top are of a very bright prismatic solar 
halo was visible. There were some indications of thin cirri over 
the sky, but the sun’s disc, pink in colour, was sharp at sunrise 
without any indication of blurring. This halo remained visible 
to 14h. All times are G.M.T. 

Worcester Park, Surrey. Spencer C. Russe... 





At 9h. (G.M.T.) on May Ist, I observed at Bagshot, Surrey, 
part of the halo of 22° and one ‘‘ mock-sun.’’ It was faint and 
of a whitish colour. 

At 17h. 55m. on the same day I saw the halo of 22° at Bagshot, 
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complete except for one small portion which was broken off by 
the horizon. The two parhelia and the halo were quite brilliant, 
and showed prismatic colouring. The sky was covered with thin 
cirro-stratus. 

G. D. WaATERER. 
Wellesley House, Welling College, Berks. May 6th, 1930. 


On Sunday evening, June 15th, between 8.30 and 8.45 p.m. 
(S.T.) parhelia were observed, no halo was visible, but the 
prismatic colours at the points of illumination were seen. At 
9 p.m. the parhelia faded, but a sun pillar appeared for a few 
minutes. 

Ropert Gray. 
Garlands, Dorstone, Herefordshire. June 14th, 1930. 





Inferior mirage at Sunrise ? 

While waiting for the ferry to India, at Talaimannar, lasi 
Friday, March 28th, I saw the sun rise over the sea to the east, 
about 6.15 a.m. As its lower edge rose above the horizon, it 
seemed, as a member of our party expressed it, as if the sun 
were dragging another sun out of the sea. After a few seconds, 
this mock sun, when a part only of its diameter had risen to 
sight, separated from the real sun, and appeared to sink again 
to the horizon. 


. Pe , \ 


' , 7. / \ / \ 


om ff | . 2 te ¥ 
he 


J should imagine that this was a case of inferior mirage, 
the phenomenon actually taking place as shown in the diagram. 
Stages 2 and 3 would be obscured by the glare trom the sun, 
which was appreciable, and this and the unexpectedness of the 
phenomenon would exp!ain the illusion of the dragging upwards 


of the image. 





H. JAMESON. 


Colombo University. Avi] 2nd, 1930. 


Trees damaged by Lightning 
Whilst reading the Meteorological Magazine of July, 1929, I was 
interested in the photo of the elm tree struck by lightning at 
Chorley Wood. 
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July 24th, 1929, I was on holiday in France and stayed 
one night at Chalons-sur-Marne. Between 7 p.m. and 9 p.m. 
there was a violent thunderstorm accompanied with heavy rain 
and wind. Next morning on leaving for Paris, I passed, in a 
distance of thirty kilometres, twelve or more trees which had 
been struck by lightning in the manner shown in the photo 
which forms part of the frontispiece of this number of the 
magazine. The bark from these trees was strewn across the road, 
and many of the trees were split into halves. 

A. H. Waite. 


London Road, North End, Portsmouth. August 24th, 1929. 


Downward Air Currents 
[ am enclosing a couple of graphs showing the vertical move- 
ment of pilot balloons as measured here by the tail method 
on April 25th and 26th. Horizontal movements were in all cases 
concerned between southwest and west, and velocities were fairly 
nue uniform and did not ex- 
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minuTes tude was sufficient to 
ALTITUDES OF PILOT BALLOONS AS OBSERVED cancel the balloons’ own 
AT COLOMBO TOGETHER WITH THE —— buoyancy over a period 

This fact is interesting in itself, but possesses added interest 


in connexion with what followed it. I have pointed out pre 
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viously that a monsoonal advance has a tendency to drive the 
air in front of the lower half of it downwards as well as for- 
wards, owing to the wave front of such an advance not being 
vertical, but more advanced at the level of maximum velocity 
than at the surface (Y.J.2. Meteor. Soc. 55, p. 373) and have 
frequently noticed that such downward movement, as indicated 
by the pilot balloons, has been followed by increased monsoonal 
activity, not immediately, but within a couple of days. April 27th 
is rather early in the year for pure monsoonal effects, but not 
too early for the composite effects connected with its earliest 
stages, and in this case the meteorological history of the few 
days following these low vertical velocities has been most 
significant. 

From the 24th to the morning of the 28th the rainfall at 
Colombo was only 0°05in. On the night of the 27th-28th the wind 
was light or moderate, but remained in the southwest quadrant 
all right for the first time this year. This is one of the recog- 
nised milestones in the early development of the monsoon and 
occurred eleven days earlier than it did last year. 

What probably interested the public was the aftermath of this 
premature attempt of the monsoon to take charge, on the night 
of the 28th, a wind velocity of 66 miles per hour was recorded 
with 4°21 inches of rain. This was certainly not a pure mon- 
soon effect, but equally certainly in the category referred to 
above as a composite effect connected with it. A pure inter- 
monsoon convectional thunderstorm might have given the rain, 
but hardly the wind velocity, which was from the east. 

A. J. Bawrorp. 


Colomho Observatory. Colombo. Vay 6th. 1930. 
NOTES AND QUERIES 


The Effect of Exposure on Climate 
In the Meteorological Magazine for May, 1929, attention was 
drawn to Dr. Geiger’s account of meteorological investigations 
carried out on the Hohenkarpfen in the Swabian Jura. In a 
further paper* the effect of wind velocity upon the skin of air 
covering the hillsides is discussed. The temperature gradient in 
the early afternoon between 25 and 100 cm. above the ground 
(based upon observations on the summit and at eight places about 
half-way up the hill) is shown to decrease with increase of wind 
in cloudy or overcast weather. In clear weather, however, the 
gradient is less with so-called ‘‘ moderate ”’ than ‘‘ light ’’ winds 
while with ‘‘ strong’’ winds it is greater. The words 
** moderate ’’ and ‘* strong ’”’ are applied to winds of average 
velocity 3:4 and 5°9 m./s. respectively, which is rather mislead- 








*Messung des Expositionsklimas. Forsfiriss. Centralbl. Berlin, 51, 1929 
pp. 305-15. 
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ing—apparently only light and moderate winds are included. 
It is argued that in fine weather the whole skin of air becomes 
more uniformly warm but with increasing winds (5°9 m./s.) the 
top part of the skin is more disturbed than the bottom so that 
the temperature gradient increases somewhat within the first 
metre. Taking all cases together and the temperature gradient 
with winds of average velocity 2-2 m./s. as a standard, the 
gradient is shown to decrease only 9 per cent. with winds of 
3°4 m./s. and 19 per cent. with those of 5-9 m./s. 

In this, the last paper but one of the series the author turns 
from the'discussion of averages to isolated cases and describes 
two thunderstorms which occurred on May 16th, 1926. The 
first and minor storm was experienced in misty weather with a 
cold NE. wind at surface below a warm SE. current which had 
come over the top of the Swabian Jura. The second storm was 
caused by the down-rush of still colder air which, owing to the 
masses accumulated by northerly winds in the Rhine valley 
between the Swiss Jura, the Vosges and the Black Forest, had 
been forced over some of the lower ridges of the Black Forest 
and approached the Hohenkarpfen as a SW. wind. The distri- 
bution of wind and rainfall on the various slopes of the hill 
is discussed, the strongest winds occurring on the northwest 
and southeast slopes (7.e., on the flanks relative to the wind 
direction) in accordance with the normal distribution mentioned 
in an earlier paper. A further example of the wind distribution 
is contained in an account of the storm of June 12th, 1926. 
which appears in the ninth and last paper of the series.* On 
the western sides of the hill the force of the wind at its maximum 
was two to three times as great as on the eastern sides. 

The last paper also includes a discussion of the distribution of 
rainfall in five thunderstorms during the period of investigation 
and an interesting account of the diurnal and other variations 
of wind velocity on different parts of the hillsides. The relation 
between the force of the wind in normally quiet weather and 
that in rough conditions is shown in a diagram to indicate the 
liability to damage by storm. 

The work concludes with a brief recapitulation of the results 
of the investigations, the pages on which each point is discussed 
being clearly stated. 


Observations in the Sahara 
An interesting set of observations has been communicated to the 
Meteorological Office by Dr. T. F. Chipp, Assistant Director 
of the Royal Botanic Gardens, Kew. Dr. Chipp, who had 
been attending a conference in Algiers, took part in an expedi- 
tion to the western Hoggar (or Ahaggar) district of the Sahara. 
* Ibid. 51, 1929. pp. 637-56. 
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about 1,000 miles south of Algiers, and obtained a number of 
meteorclogical observations at various points on the route between 
Fort Miribe 


Abelessa ant 


and Tamanrasset and in the western Hoggar near 
Silet. A whirling hygrometer was used thrice daily 


on several days, maximum and minimum thermometers were 


set up when possible, and frequent observations of wind and sky 


} 
»| 
A 
] 
l 


conditions were mace. 
Dr. Chipp’s results are probably fairly representative oi 
conditions during March, 1930, in an area centred about 


} 


lat. 23° N. long. 43° E., at a height of about 3,000 feet above 


sea le \ el. 
Mean time of observation 6Lh. 13h lsh. 
Mean temperature (°F) d7 84 76 
Mean relative humidity 33 16 
(per cent) 
Mean maximum 90°F. Mean minimum 51°F. 


In this tabie, the humidities given were computed with Pernter’s 

strong wind ’’ formula, which is probably appropriate fer 
readings of a whirling hygrometer in these conditions. 

Winds were rather variable, mainly north-easterly in the first 
half of the month. Cloudiness, while small, tended to increase 
during the day, the average figures, based or numerical values 
assigned to such descriptions as ‘‘ cloudy,’’ ‘‘ few clouds,”’ 
‘ overcast,’’ being, for the morning cbservaticn, less than one- 
tenth, afternoon two-tenths, evening four-tenths. Heavy thunder- 
storms with much rain were experienced from 6h. to 8h. on 
March 2nd, while the expedition was on the Plateau de Tademait. 

Meteorologwical records from the Sahara are uncommon, but 
it so happens that there are other observations with which those 
of Dr. Chipp may be compared. In March, 1923, the Olufsen 
expedition was travelling northwestward from Tamanrasset, and 
the results for that period are as follows :— 





Hour of observation 6h. 4h. 20h. 
Mean temperature (°F) 57 89 71 


These figures may be taken as applying to an area centred 
about lat. 25° N., long. 2° E. Values of relative humidity are 
not given, as it is not known what formula was used in the 
reduction of the observations. We have no direct observations 
of the complete diurnal course of temperature in this part of 
the Sahara, but the general type may be assumed to be similar 
to that found in neighbouring parts. In Fig. 1 an attempt has 
been made to compare the two sets of observations by the use of 
thermograms obtained by Mr. F. R. Rodd* in the Air region, 
about 500 miles southeast of Tamanrasset. 

The dotted curve represents temperature variation on a 
November day, and may be taken as typical of a day when the 
amount of moisture in the air is exceedingly small. The plain 


See I yulon, Meteor. Office (eophysical Memoirs. No. 48. 
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curve is intended to show conditions when the amount of moisture 
in the air is more appreciable; it is the mean curve for several 
days in September, displaced about 20° down from its true 
position to bring 

C 6 r at - it into range with 


the other observa- 


Fy} tions. It shows 
- the same sharp rise 
in temperature 

during the morn- 

80} ' ing, but a more 
rounded afternoon 

maximum than 

eS that of the very 
ma dry November 
} J day. It will be 
re i seen that apart 





60h . ft as | from one discre- 
| ae é | pancy the observa- 
J | tions of the more 
ew tai | | Pac northern expedi- 


| tions agree quite 
well with the type 
6h 2h 3h 24h of diurnal varia- 
tion observed in 
‘ , ‘] 

the southern Sa- 
hara, while the 





OB8SERVATIONS BY 
R 200, 1927 Temperature course ona very dry day — 
* days with slight humidity 


Crip, !930 March means x two sets of morn- 
Cuursen. 1025 Moxh meas © ing observations 

are in remarkably 
good agreement. The discrepancy is between Dr. Chipp’s 
figures for 13h. and maximum _ temperatures. One must 


accept the observations of the whirling hygrometer as _ reli- 
able, and the probable explanation is that the exposure of 
the maximum thermometer was in some wy defective. Possibly 
the readings of the minimum thermometer also are slightly 
affected ; Olufsen’s 14h. readings certainly agree well with Dr. 
Chipp’s maximum, but it is not known how the thermometers 
of the former were exposed. The question of the reduction of 
psychrometer readings made in conditions of such extra- 
ordinarily low humidity is a vexed one; Olufsen’s view is that 
when one gets to the region of 12 per cent. one should enter 
‘“Jess than 12 per cent.,’’ rather than any lower figure. 





Remarkable Hailstorm in Iraq 
The report of the Meteorological Section in Iraq for April, 1930, 
contains an account of a remarkable hailstorm which visited 
Hinaidi and Bagdad on April 24th. On the morning of that 
day the weather conditions were unsettled, the morning chart 
showing a primary depression extending eastwards along the 
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eastern Mediterranean into Syria and a secondary depression 
south of Rutbah. The primary depression moved slowly north- 
eastwards, but the secondary travelled rapidly eastwards across 
western Persia. At Hinaidi the morning began with light north- 
east to east winds, which became calm at 3h. G.M.T. (6 a.m. 
local mean time). At 3h. 35m. a line-squall occurred, the wind 
reaching a velocity of 36 m.p.h. and veering from south-east to 
west. A second line-squall followed at 4h. 34m., in which the 
wind rose to 30 m.p.h. and veered from north-west to north- 
east. Subsequently the wind gradually became more easterly 
and maintained an average velocity of 32 m.p.h. At 14h. 15m. 
G.M.T. slight rain commenced, and at 14h. 30m. the wind began 
to drop to calm and a heavy fall of hail occurred, continuing 
for seven minutes. The most remarkable features of the hail- 
storm were the large size and slow terminal velocity of the 
hailstones and the absence of dust in their composition. Some 
idea of their size is given by the illustration forming part of 
the frontispiece of this number of the magazine. 

An average specimen was cut open and was found to consist 
of five layers of alternating hard transparent ice and soft white 
ice, arranged as follows :— 

Core of hard transparent ice 

Layer of soft white ice 


inch diameter. 
inch thick. 


Ti Hf pn Ope 


Layer of hard transparent ice ... inch. 
Layer of soft white ice ... er inch. 
Outer crust of hard transparent 160: ... inch. 


The total diameter was one and five-eighths inch, and in calm 
air the terminal velocity of hailstones of this size would be nearly 
30 miles per hour. The descent of several specimens was actually 
timed against the wall of a building, and it was found that 
they fell 40 feet in about three seconds, giving a velocity of 
only 9 miles per hour. The observer is to be congratulated on 
his enterprise in obtaining this measurement, which appears to 
indicate an upward current of air of at least 30 m.p.h. at a 
comparatively low elevation. 

Hailstones which fall in Iraq usually contain about 25 per 
cent. of dust, but those of April 24th appeared perfectly clean, 
even when examined through a lens. 





A Peculiar Deposit at Southport 
During the night of March 8th—9th a singular yellowish brown 
substance was deposited from the atmosphere in the neighbour- 
hood of Southport. Subsequently, Mr. J. Baxendell forwarded 
for examination a number of objects bearing traces of the 
deposit, and stated that ‘‘ early on the 9th objec ts looked as 
though coated with ochre, but rain spoiled it.’’ Dr. J. §. 
Owens reported that when examined under the microscope the 
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deposit was found to consist of brownish semi-transparent 
particles, irregular in shape, with adhering smoke particles. He 
concluded that the substance was not silicious and was probably 
of local origin as the particles were rather large to travel any 
distance. They did not, however, appear to be ash or dust 
from chimneys. 

In a later letter Mr. Baxendell furnished the following infor- 
mation : 

‘* After writing to Mr. Bilham with the samples of the deposit, 
my deputy observer chanced to meet me, and on my mentioning 
the deposit to him, he at once explained that he had examined 
some under the microscope, immediately after it fell, and that he 
found it to consist of algae (class /soontae, species: T'rente- 
pohlia; 1 understood him to say). My deputy observer (Mr. 
A. R. Yarwood), is a very keen and well-equipped micro- 
biologist, and his conclusions are generally fully reliable. He 
added that these algae could not be recognised when dry. 
They are common epiphytes on leaves in tropical countries, 
but in England are only found on the windward sides of rocks, 
in mountain districts, where they prefer, particularly, carboni- 
ferous limestone and silurian Rocks. He has definitely found 
them in the Peak district of Derbyshire, and it is noteworthy 
that the direction of the wind at the time of the shower was from 
that very point. On their way here, they evidently encountered 
soot, part icles of which adhered, as you found, to several of them. 
It is, of course, well known that such algae are propagated by 
means of spores, which are dispersed by the wind, and which, on 
gathering moisture, assume the vegetative state, as filaments— 
this particular kind being of an orange colour, or rather, per- 
haps, yellowish-brown. The Southport deposit was remarkably 
thick, and extended densely over at least 10 square miles, and 
thinly over many more. It happens that Mr. Yarwood witnessed 
a similar but redder fall in Norfolk in 1917, which proved to be 
another member of the same family.’’ 

It may be remarked that the general wind direction during 
the night in question was from 8. to SW., and it seems more 
likely therefore that the algae were derived from the mountains 
of Wales than from those of Derbyshire. In any case the occur- 
rence furnishes an interesting addition to the already long list 
of air-borne vegetable, animal and mineral substances. numerous 
references to which are to be found in meteorological literature. 


Reviews 
India Meteorological Department. Sctentific Notes. Vol. 1, 
Nos. 4-6, pp. 37-67. Prices 10d., &d.. 9d. 
The first paper ‘‘ On temperatures of exposed rails at Agra,’’ 
by K. R. Ramanathan, M.A., D.Sc., contains results of great 
importance to the engineer who has to allow for the expansion 
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of the ironwork of bridges, &e. As a comparison is made with 
the temperatures in a Stevenson screen and with a grass 
mininium thermometer it is possible to apply the results to other 
localities having similar conditions as regards radiation. In 
any case the method of carrying out the tests over nearly a year 
will serve as a model to anyone who has to make similar investi- 
gations in another country. 
The second paper is on the 
in india.’’ In connexion with the sending of airships to India 
a knowledge of thunderstorm frequency is important. The 


ce 


Frequency of Thunderstorms 


records of the past 10 years were therefore examined, but in a 
number of cases it was found that these were unreliable, the 
number of storms recorded being clearly too few. The southern 
areas such as Ceylon and Madras get most storms, Cochin, for 
instance, gets 101 per year and Lower Burmah as many as 154. 
There are two maxima in the south, in April and October or 
November: as we move northward the months of maxima 
generally approach each other. 

In the third paper Rao Saheb M. V. Unakar, B.A., deals 
with ‘‘ Correlations between pre-monsoon conditions over north- 
west India and subsequent monsoon rainfall over northwest 
India and the Peninsula.’’ The formula at present in use for 
foreshadowing the monsoon in northwest India contains as one 
of the factors the snow accumulation on the Himalayas in May. 
As, however, the numerical estimate of snow is rough and un- 
certain, Mr. Unaker has worked with rainfall in the Himalayas 
and in northwest India in March and the discharge of the 
Ganges in May. A considerable improvement follows and 
instead of a correlation of -—0°40 which is the relationship 
between the monsoon of northwest India June to September and 
the snowfall accumulation in May he gets a total correlation of 
0-59 with the three factors, snow, rain and river. The writer 
then makes a further examination of the months of July and 
Aueust, which are the mid-monsoon months, and for the monsoon 
of these two months the total coefficient with preceding snow, 
rain and river is as big as 0°66. The practical application of 
these results, however, to the improvement of the existing 
formula for foreshadowing the monsoon still remains to be done. 
This memoir contains tables of data which should be very useful 
to other workers. 


E. W. Buiss. 


Deutsches Meteorologisches Jahrbuch fiir 1927. Freistaat 
Sachsen. Edited by Direktor Prof. Dr. E. Alt. Jahreane 
45, Dresden, 1929. 

This quarto volume of nearly 200 pages of text and more than 

50 pages of charts presents the meteorological statistics of Saxony 

for a single year, with a notable abundance of detail. Full 
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daily observations at three separate hours are given at Wahns- 
dorf and the high-level station of Fichtelberg, daily rainfalls 
tor about 500 stations and a general summary of the weather of 
each month. Subsequent sections of the year book give monthly 
and annual climaiolegical summaries for 32 stations, frequencies 
of various phenomena, phenological observations and hourly 
means for each month, while the monthly distribution of al 
elements is shown in a series of charts. The two appendices 
vive results cf registering balloon ascents at Leipzig and Dresden 
and a dissertation by Dr. EK. Géhlert on the rate of physiological 
‘ooling in Germany en the basis of a formula devised by Dr. 
Leonard Hill. 


Obituary 
We regret to learn of the death on May 27th, 1930, at the age 
of 73, of Father José Algué, 8.J., Director of the Philippine 
Weather Bureau, Manila, from 1897 to 1924. 


We regret to learn of the death, on May 11th, 1930, at the age 
of 50, of Dr. Wilh. R. Eckardt, Director of the Meteorological 
Observatory and Weather Service at Esser. 


We also regret to learn of the death on April 5th, 1930, at 
Hamburg, at the age of 66, of Kommodore Hans Ruser, Captain 
af the Gauss on the German South Polar expedition of 1901-3. 


News in Brief 
Colonel Sir Henry G. Lyons has been reappointed Director and 
Secretary of the Science Museum, and will hold that Office until 
October, 1933. 


Dr. O. Hoelper has succeeded the late Prof. Dr. P. Polis as 
Director of the Meteorological Observatory at Aachen. 

Erratum 
May, 1930, page 98, line 22 for ‘‘ cutting ’’ read ‘* culling.’’ 


The Weather of June, 1930 


Sunny weather prevailed generally over the whole country 
during the month. In the south and east it was also dry and 
warm, but in the north and west it was unsettled, the total 
rainfall being above the normal and temperature slightly below 
normal. Thundery conditions were experienced frequently. 
Slight rain occurred in many parts of England on the Ist and 
2nd, with a heavy rainstorm in central London on the 2nd, 
but anticyclonic weather spread across the whole country on 
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the 3rd and temperature rose gradually until the 6th, when 
80° F. and above was experienced inland, 82° F. at Cullompton 
and 81° F. at Shettield. On the 7th the winds became northerly 
with a subsequent drop in temperature, but the weather 
continued sunny, the 6th, 7th, and 8th being the three 
sunniest days at the beginning of the month; Aberdeen 
had 15°8hrs. on the 7th, Gorleston 15°5hrs. on the 6th. 
There followed a period of cloudy weather as a_ depres- 
sion over Iceland moved eastwards. Rainfall was gener- 
ally slight except in Scotland, north England and Wales 
on the 9th when 2°56 in. fell at Oakeley (Merioneth) and 1°70 in. 
at Rosthwaite (Cumberland). On the 10th and 11th fair weather 
returned to Scotland, 16-lhrs. bright sunshine were recorded at 
Aberdeen on the llth, but this did not extend to England until 
the 12th, when the high pressure area over central Europe began 
to move north and west. From the 12th to 19th local thunder- 
storms were almost of daily occurrence,* but apart from these 
the weather was generally fair and sunny. Temperature was 
high generally during this period, reaching 83° F. at Green- 
wich and 80° F. at Cambridge and Norwich on the 18th and 
79° F. at Fort Augustus on the 16th. From the 20th to the end 
of the month westeriy winds prevailed with fair sunny weather 
generally in the south, but rain at times with sunny intervals 
in the north and west. Temperature was slightly lower than 
during the previous days, but again exceeded 80° F. locally on 
the 30th. Thunderstorms were experienced generally between 
the 22nd and 24th. Ground frosts occurred on one or two nights 
at a few places during the month, the ground minimum tempera- 
ture falling as low as 25° F. at Rhayader on the 27th. The 
distribution of bright sunshine for the month was as follows :— 


Total Diff. from Total Diff. from 

(hrs.) normal (hrs.) (hrs.) normal (hrs). 
Stornoway 231 +53 Liverpool 214 +14 
Aberdeen 244 +60 Ross-on-Wye 236 39 
Dublin 251 +62 Falmouth 219 -2 
Birr Castle 217 +53 Gorleston 243 +35 
Valentia 225 +37 Kew 227 +30 





Pressure was above normal over Scandinavia, Holland, Germany, 
and in a belt across the North Atlantic from south Spain to 
Bermuda and Newfoundland, the greatest excess being 3°3 mb. 
at Skagen and Bornholm, while pressure was below normal over 
Spitsbergen, Iceland, the British Isles, France, Switzerland, and 
Italy, the greatest deficit being 8-5 mb. at Reykjavik. Tempera- 
ture was generally above normal except in Portugal and rainfall 
deficient except in Scotland, Spitsbergen, and locally in Sweden. 
In Gothaland and part of Norrland, however, it was only 50 per 
eent. of the normal. 

A severe storm in the Seine and Oise department, France, 
did considerable damage to the village of Chevreuse on the 2nd, 


See p. 129. 
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and some loss of life and much damage to crops was caused by 
the torrential rains experienced in Castile and Andalusia during 
the tirst days of the month. A violent thunderstorm swept over 
Canton Berne, on the 7th, causing a landslide and damage to 
crops, and several villages in the Bernese Oberland were flooded 
nh the Sth after a thunderstorm accompanied by hail. A hail- 
storm on the llth devastated vineyards near Geneva. Heavy 
thunderstorms were also experienced in northern France and 
Switzerland on the 12th and 14th with resulting floods. The 
Saint Darthelemy torrent again overfiowed in the Rhéne Valley 
near St. Maurice on the 23rd owing to heavy rains. Cold 
weather with heavy rain and snow occurred in Iceland about the 
27th. Abnormal heat and drought were experienced in Hungaiy 
during the month. 

The intense heat recorded in Egypt resulted in the deaths of 
two women on the 11th. 

The monsoon was active in Burma and Assam during the week 
ended the llth, and had advanced along the west coast of India 
to Bombay by the 9th. A train from Ahmedabad was struck 
by a cyclonic storm near Himmatnagar en the 10th, and many 
ot the coaches were blown off the track and overturned. One 
passenger was killed. 

Rain fell generally throughout New South Wales on the Ist 
and 2nd, and again about the middle of the month, as much as 
l4in. being reported to have fallen in two days in the north 
eastern area. 

Much needed rain fell in all districts of the Prairie provinces 
during the week ended the 24th, but in Ontario three trains 
were wrecked about the 26th owing to floods caused by heavy 
rains. In the United States temperature was high for the time 
of year in the Lake region, Mountain region and along the 
Pacific coast, and low elsewhere during the first part of the 
month. Later it was high over most of the country. Rainfall 
was deficient in the west and in excess in the northeast. In 
Argentina temperature was mainly above normal and rainfall 
in excess at first but later deficient. 

The special message from Brazil states that the rainfall in the 
northern regions was irregular in distribution with 0°59in. 
above normal and scarce in the central and southern regions 
with 0°43in. and 1°10in. below normal respectively. Only fou 
anticyclones passed across the country. The crops, however, 
were generally in good condition despite the abnormal condi- 
tions. At Rio de Janeiro pressure was 1°'4mb. below normal 
and temperature 3°6°F. above normal. 





Rainfall, June, 1930.—General Distribution 
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